The use of acid ammonium acetate as an extractant in routine soil testing (Vuorinen and Mäkitie 1955) 
bamic acid. The trace elements of plants were analyzed directly from plant ashes except for cobalt, which was separated and concentrated as above.
The determination of trace elements was made spectrochemically with an ART 2 meter grating spectrograph. More detailed descriptions of the methods have been given previously (Takanen 1961 (Takanen , 1962 .
For statistical analyses the material was divided according to soil properties as follows:
1. Clay soils (> Both linear and curvilinear regressions were calculated. The latter are given in Fig. 1 A-H, however, only in those cases where the fit significantly exceeds that of the linear. The significances are given at 99.9***, 99** and 95* per cent levels.
Results and discussion
Magnesium. Magnesium is not among the nutrients usually analyzed in routine soil testing and the correlations between acid ammonium acetate exchangeable and plant Mg have not been calculated previously. These correlations, given in Fig. 1 A, are significant in the groups of coarse mineral soils and organogenic soils. For the whole material (group 5) the slightly curvilinear regression reaches a very high statistical significance. The relative increase of Mg content of plants within the variation range of soil Mg is small.
The behaviour of Mg in the group of clay soils is obscured and no correlation between the Mg contents of plants and of soils exists. The high contents of extractable Mg in clay soils could lead to an assumption that the lack of correlation is due to such an excess of Mg that the ability of plants to absorb it is exceeded. This, however, can not be correct because the Mg contents of timothy grown on Finnish clay soils were found to be significantly lower than those of timothy from other soils (Takanen 1969) . Thus, it is more probable that the reason for this lays in the mechanism by which Mg is absorbed from clays, in which process e.g. Ca and K play important roles (Marshall 1944) . Manganese. Correlations between the acid ammonium acetate extractable soil Mn and Mn content of plants exist in organogenic soils and in the whole experimental material at 99 and 99.9 per cent significance levels ( Fig. 1 B) , while in mineral soils the correlations do not reach statistical significance.
In general, the availability of soil Mn is largely dependent on soil pH. In acid soils, like the soils in this study, the available amounts of Mn generally far exceed the requirements of plants. In some organogenic soils, especially in peats, the Mn level, however, is so low (Sillanpää and Lakanen 1966) The correlations between soil and plant Mn are apparently weakened by air drying of soil samples, since it is found that the extraction of fresh samples gives a more reliable picture of plant available Mn. To avoid the change of redoxpotential due to drying, the use of reducing agents, e.g. hydroquinone or sodium sulphite, has been recommended (SCHACHTSCHABEL 1957). Z i n c. In extracting soil Zn, acid salt solutions have been used before. Hibbard (1943) used potassium chloride buffered to pH 3 with acetic acid. Wear and Evans (1968) compared three extractants, 0.05 N HCI + 0.025 N H 2 S0 4 , 0.1 N HCI and 0.05 M EDTA for determining the level of plant available Zn and found the highest correlation with the mixture of HCI and H 2 S0 4 .
The results of Zn analyses with acid ammonium acetate are given in Fig. 1 C. Significant correlations at the 95 per cent level exist for mineral soils and for the whole material (groups 3 and 5). It should be noted, however, that especially when analyzing Zn, the correlations obtained characterize the whole analysis process rather than the extraction alone. This is because the variation in the spectrographic analysis of Zn is wider than for other trace elements under study. This naturally weakens also the correlations given in with concentrated nitric and perchloric acid digestion. The first two methods were found to give somewhat better estimates of the Cu status in the soil. The ability ofacid ammonium acetate to extract copper is relatively weak because it is not a chelating agent nor a strong acid.
Highly significant correlations exist in groups 1, 3 and 5 (Fig. 1 D) . The regressions for the three groups are closely similar. The small Cu fraction extracted apparently represents well the available Cu fraction in these soils. The increase ofplant Cu as a function of extractable soil Cu within the variation range of soil Cu is more than for Mg, Mn or Zn.
In the group of organogenic soils the lack of correlation is apparently due to relatively strong copper-organic matter bonds. A closer examination of the material showed also consistently low Cu contents in both plants and soils in the group of coarse mineral soils. I.e. variation ranges for both were narrow which apparently is one reason for the lack of correlation in these soils. Cu deficiency in Finland has been found in peats and coarse mineral soils.
Molybdenum. The availability of Mo to plants increases generally with increasing soil pH. Also the ability of electrolyte solutions to extract soil Mo increases with increasing solution pH. The reason for both phenomena is the anionic character of molybdate. Consequently, acid ammonium acetate is a weak extractant for soil Mo. Even neutral 64 ammonium acetate is more effective (Takanen 1962) . Grigg (1953 Grigg ( , 1960 (Mäkitie 1962) , the results of Ni analyses are included in this study. The behaviour of Ni reflects that of Co and the analysis ofNi is more reliable because ofits higher contents, both in plants and in soils.
The results given in Fig. 1 F show the best correlations of this study. The significance level of 99.9 per cent was obtained for all soil groups. This indicates both the suitability of acid ammonium acetate for plant available soil Ni extraction and the reliability ofspectrographic Ni analyses. The reproducibility of Ni determination is clearly better than e.g. that of Zn discussed above.
In coarse mineral soils the extractable Ni content is lower than in other soils and also the regression line slopes more gently.
Cobalt. The contents of Co in plant ashes were too low for direct spectrochemical determination. Because of this, the ashes from a part of the sample material were dissolved and Co was concentrated before spectrochemical analysis. Co analyses were made from 147 plant samples grown on the following soils: 36 clays, 67 coarse mineral soils and 44 organogenic soils.
In spite of the smaller quantity of sample material, statistically significant correlations were obtained in all 5 soil groups as in the case of Ni. Linear regressions dominate, even though in the group of clay soils a parabola proved to be more significant than the corresponding linear regression. The latter sloped very gently and thus differed clearly from the others.
In spite of the fact that only a very small fraction of the extractable soil Co is transferred to plant tissues, acid ammonium acetate seems to be a suitable diagnosing reagent for estimating the availability of cobalt to plants.
Lead. As another non-essential trace element lead is included in this study. Lead, as all trace elements, is toxic both to plants and to animals if it exists in too high concentrations. In the present material, however, no lead toxicity is to be expected.
The results of Pb analyses given in Fig. 1 H show a good agreement between the soil and plant analyses. Significant correlations exist in four out of five soil groups.
Summary
The use of acid ammonium acetate (pH 4.65) as an extractant for plant available trace elements (Mg included) was studied on a total of 216 soil samples and of timothy samples from corresponding sites.
Significant correlations between the results of soil and plant analyses were obtained for the eight elements studied in following soil groups:
(1) Clay Molybdeenin anioniluonteesta johtuen sekä kasvien molybdeenin otto että uuttuva molybdeeni kasvavat pH:n kasvaessa. Niinpä esim. ammoniumasetaatti on neuraalina voimakkampi Mo:n uuttaja kuin happamena (Lakanen 1962) . Vain maalajiryhmissä 2 ja 3 on molybdeenille saatu merkitsevät korrelaatiot (kuva 1 E).
Happamen ammoniumasetaatin useista suomalaisista maista uuttamat Mo-määrät ovat niin vähäisiä, että huolimatta erottamisesta ja rikastamisesta ne jäävät alle spektrokemiallisen määritysherkkyyden alarajan.
Nikkeliä ei ole osoitettu kasveille eikä eläimille välttämättömäksi ravinteeksi. Johtuen sen ja koboltin samankaltaisesta käyttäytymisestä maassa sekä sen jälkimmäistä helpommasta analysoitavuudesta on nikkeli kuitenkin sisällytetty tähän tutkimukseen. Nikkelille saatiin kaikissa maalajiryhmissä korrelaatiot 99.9 prosentin luotettavuudella (kuva 1 F). Maalajiryhmien väliset erot ovat suhteellisen vähäiset, joskin karkeiden kivennäismaiden uuttuvan nikkelin pitoisuus on jonkin verran alhaisempi kuin muiden ja regressio muita loivempi. Korrelaatioiden suureen merkitsevyyteen vaikuttaa epäilemättä nikkelianalyysin muita parempi toistettavuus.
Koboltin pitoisuus timotein tuhkassa oli liian alhainen suoraan spektrokemialliseen määrityk-seen, joten tuhka oli liuotettava ja koboltti rikastettava siitä. Kobolttianalyysejä tehtiin 147:stä timoteinäytteestä, joista 36 edusti savimaiden, 67 karkeiden kivennäismaiden ja 44 eloperäisten maiden kasvustoja. Huolimatta pienemmästä aineistosta saatiin kaikissa maalajiryhmissä merkitsevät korrelaatiot (kuva 1 G). Savimaissa osoittautui parabeli suoraa merkitsevämmäksi kuvaajaksi. Myös savimaille laskettu suoraviivainen regressio poikkesi muista ollen niitä selvästi loivemmin nouseva.
Lyijyä, kuten nikkeliäkään, ei ole todettu kasveille eikä eläimille välttämättömäksi. Lyijyn merkitys maataloudessa johtuukin sen toksisesta vaikutuksesta, mikäli sitä esiintyy liian suurina pitoisuuksina. Käsiteltävänä olevassa aineistossa ei kuitenkaan ole yhtään edes epäilyttävän korkeata lyijypitoisuutta.
Kuvassa 1 H esitetyt tulokset osoittavat maasta ja kasveista analysoidun lyijyn pitoisuuksien välillä vallitsevan hyvän korrelaation, joka neljässä maalajiryhmässä viidestä on tilastollisesti merkitsevä.
